ABSTRACT Female Pekin ducks selected for high (lean) or low (fat) breast muscle:total breast thickness ratio (MT:TOT), measured with ultrasound scanning, were used in metabolic studies to determine the metabolic differences and assess the effects of feed withdrawal and refeeding on plasma parameters. Lean and fat ducks had similar body weight changes throughout the studies. Lean ducks had significantly lower fat and higher CP and ash carcass contents. They also had higher (P < 0.05) plasma glucose after feed withdrawal but less (P < 0.05) plasma glucose after feeding. Fat ducks had similar plasma triglycerides (TG) after feed withdrawal but higher (P < 0.05) TG concentration after feeding and higher (P < 0.05) plasma uric acid than the lean females after feeding. Feed deprivation resulted in higher (P < 0.05) plasma cholesterol than did feeding. Lean ducks fed the test diet re-(Key words: lean and fat ducks, true metabolizable energy, nitrogen retention, blood chemistry, carcass)
INTRODUCTION
Health conscious consumers are demanding meat products low in fat and high in protein. At market age, Pekin duck carcasses contain 30% fat compared with 15% fat in broiler chickens (Plavnik et al., 1982) . Improvement of breast meat yield has increased in importance to improve poultry carcass quality and satisfy the consumer choice of ready-to-eat meals (Pollock, 1997) . Breast meat yield is considered as important as growth rate and feed efficiency in the duck industry (Baeza and Leclercq, 1998) .
The use of an ultrasound technique to select for greater breast muscle thickness and leaner ducks has been proven feasible (Farhat and Chavez, 2000) . This methodology may help produce improvement in metabolic performance as well as carcass composition. Leclercq and Saadoun (1982) reported no differences between lean and fat lines of chickens in their abilities to 2001 Poultry Science Association, Inc. Received for publication November 17, 1999. Accepted for publication December 19, 2000. 1 To whom correspondence should be addressed: chavez@macdonald. mcgill.ca. 585 tained more (P < 0.05) N than the fat birds. Lean and fat Pekin ducks had similar (P > 0.05) AME, AME n , TME, and TME n . Lean ducks lost less (P < 0.05) N than fat birds. Plasma cholesterol was not significantly correlated (P = 0.06) with nitrogen retention (NR); NR was negatively correlated (P < 0.05) with plasma TG, and TG was positively correlated (P < 0.05) with total energy excreted. There was a positive correlation (P < 0.05) between MT:TOT and NR. The MT:TOT correlated (P < 0.05) negatively with carcass fat, and positively with carcass CP and plasma insulin-like growth factor I (IGF-I) concentration.
The results we obtained demonstrate the usefulness of ultrasound scanning in live bird selection for leanness and greater breast muscle thickness and are related to metabolic differences between lean and fat female Pekin ducks selected for high or low MT:TOT ratios. metabolize dietary energy, their energetic efficiencies of protein and lipid deposition, or their maintenance requirements. Geraert et al. (1988) reported similar TME n and ME for maintenance between genetically lean and fat chickens, but there was greater protein deposition in the lean line. Similarly, Laurin et al. (1985) found no difference in AME n and TME n between lean and fat lines of chickens.
Plasma triglyceride concentration (TG) has been suggested as an indicator of body fatness in chickens (Griffin et al., 1982) . Plasma very low density lipoprotein (VLDL) concentration was used as a basis for selecting lines of lean and fat broilers at 7 wk of age (Whitehead and Griffin, 1984) . A positive correlation was found between abdominal fat and blood cholesterol concentration in female Pekin ducks (Ksiazkiewicz et al., 1993) . Leclercq and Guy (1988) reported significantly lower concentrations of TG in a lean line than in a fat line selected for low or high abdominal fat. The authors observed a correlation beAbbreviation Key: IGF-I = insulin-like growth factor I; MT:TOT = breast muscle thickness:total breast thickness; NR = nitrogen retention; TG = triglycerides; VLDL = very low density lipoprotein.
tween TG and abdominal fat in chickens selected for low or high blood glucose level. However, Baeza et al. (1997) found no correlation between body fat content and TG or VLDL concentration in Muscovy ducks. In Pekin ducks, Akbar (1996) reported a lack of correlation between carcass fat and VLDL. Selection based on plasma glucose level in chickens resulted in significant differences in fattening (Leclercq et al., 1987) . In these birds, plasma glucose was lower in the fat line compared to the lean line chickens whether in a feed-deprived state or a fed state and regardless of the dietary protein or energy level (Touchburn et al., 1981) . The uric acid level was higher in the plasma of the fat line compared to the lean line selected for low or high abdominal fat content (Leclercq, 1988) .
The objectives of the present studies were to determine metabolic differences in terms of metabolizable energy and nitrogen retention (NR), blood lipids, uric acid, and insulin-like growth factor I (IGF-I) between lean and fat ducks, to test the effects of feed withdrawal and feeding on blood parameters, and to associate metabolic parameters with body composition.
MATERIALS AND METHODS

General Conduct of the Studies
Thirty female ducklings were selected at 6 wk of age for high (lean) or low (fat) breast muscle:total breast thickness ratio (high or low MT:TOT), and a similar body weight, from the F 1 progeny of ducks selected for greater breast muscle thickness (Lavallée, 1998) . The birds were moved from floor pens into individual metabolic cages for a 2-d adaptation period in which they were fed the same commercial pelleted diet containing 17.52% CP and 3,239 kcal/kg ME. After adaptation, the birds were feed deprived for 48 h during which they were offered a dextrose solution (40 g/100 mL of water) at 8 and 32 h after feed withdrawal (McNab and Blair, 1988) . This solution was offered to partially reduce the effect of energy deprivation on the birds during feed deprivation. There were two groups of 15 birds each (high and low MT:TOT); seven birds per group were fed the test diet, and eight were used to estimate energy during feed withdrawal and nitrogen losses. Each bird represented an experimental unit. At 48 and 54 h, each bird was precisely fed 40 g of the test diet, except for the control group that received only dextrose solution. Collection trays were placed under the metabolic cages, and excreta were collected for 48 h. Excreta samples were frozen, freeze-dried, allowed to come to equilibrium with atmospheric moisture, weighed, and ground through a 0.5-mm sieve. Subsamples were as-2 National Appliance Co., Portland, OR 97223. sayed for gross energy in an adiabatic oxygen bomb calorimeter, analyzed for DM using a vacuum oven, 2 and analyzed for nitrogen using a nitrogen analyzer.
3 The metabolic studies followed the protocol described in Table 1.
Blood and Carcass Analysis
After 48 h of excreta collection during feed deprivation, all the birds were fed a finisher diet ad libitum for 4 d, at which point they had recovered any weight lost during feed withdrawal. Blood samples (3 mL from the wing vein) were collected, on Day 5 for the feed-deprivation state and Day 11 for fed state after overnight feed withdrawal, into heparinized tubes and centrifuged at 1,500 × g for 15 min. Plasma glucose, TG, total cholesterol, and uric acid were analyzed using a clinical discrete analyzer.
4
Plasma IGF-I was analyzed by RIA (Farhat and Chavez, 1999) . At 53 d of age, eviscerated carcasses were ground, and subsamples were taken for analyses. After freezedrying, subsamples were analyzed for DM and nitrogen; fat was ether extracted, and ash was determined using a muffle furnace.
5 A factor of 6.25 × nitrogen was used for the calculation of CP.
Ultrasound Measurements
Breast muscle thickness was measured on live birds at 6 wk of age. The birds were held on their backs on a restraining board by using velcro tape over their necks and hocks. A multipurpose ultrasound gel was used as a contact agent on the full-feathered breasts after the feathers were parted to expose breast skin. The ultrasound system used was an ECHO 1000 6 portable realtime ultrasound scanner, equipped with a 7.5 MHz linear array probe. The probe was placed next to the keel bone at a 90 degree angle to the breast. The measurements were taken at 1 cm lateral, and 2 cm posterior to the anterior apex of the keel bone on a frozen image, where the thickness of the breast was calculated using a builtin caliper. The ultrasound measurements taken were the total breast muscle thickness (TOT) that included the thickness of the breast muscle and that of the skin and subcutaneous fat layer, and the measurement of the breast muscle thickness (MT) without the skin and subcutaneous fat layer. Both measurements were direct, linear, and in the same direction to the reference bone. The two measurements are independent, and their ratio is used to account for the breast skin and fat thickness, which is reported to be significantly correlated with carcass fat in Pekin ducks (Walters et al., 1994) .
The experimental procedures were conducted in accordance with the guidelines specified by the Canadian Council on Animal Care (1984) .
Statistical Analysis
Statistical analyses of the data were performed using the general linear models procedure and mixed model of the SAS software (1990). Breast muscle thickness, body weight, carcass, endogenous excretion, and ME data were subjected to one-way analysis of variance with group as the only effect. Data for plasma parameters were analyzed as a factorial design with two groups, two states of feeding, and their interaction. The plasma parameters and body weight data were treated as repeated measures. The multicomparison Scheffe's test was used to separate the differences among the means for statistical significance (P < 0.05).
RESULTS AND DISCUSSION
Body Weight and Carcass Data
The Pekin ducks from both groups (high or low MT:TOT) maintained similar body weights (P > 0.05) from 42 to 53 d of age throughout the feed deprivation and refeeding periods (Table 3) . Simon and Leclercq (1982) indicated that the selection of broilers for low or high ratios of abdominal fat to body weight resulted in two lines of chickens that differed considerably in carcass lipid content while maintaining similar body weights. The ducks in this experiment were selected based on their MT:TOT. The high MT:TOT (lean) ducks possessed carcasses similar (P > 0.05) in DM, lower (P < 0.05) in body fat, and higher (P < 0.05) in CP and ash than the Low MT:TOT (fat) ducks (Table 2 ). There were significant correlations between MT:TOT and percentage fat ( Figure 1a ) and percentage CP (Figure 1b) in the carcasses. Previously we had reported with these birds that IGF-I was significantly higher in lean compared to fat ducks (Farhat and Means within columns with different superscripts are significantly different (P < 0.05).
1 MT = breast muscle thickness; TOT = total breast thickness measured by ultrasound.
Chavez, 1999). Those data were not analyzed for correlation, and here we show that IGF-I is positively correlated with MT:TOT (Figure 1c ).
Plasma Parameters
Lean ducks had higher (P < 0.05) plasma glucose than the fat ducks during feed deprivation but had lower (P < 0.05) plasma glucose after feeding (Table 3) . Our results agree with those of Dimock et al. (1988) , who reported that lean chickens had higher plasma glucose levels than fat chickens in the feed-deprived and feeding states. Feed withdrawal, in general, results in lower plasma insulin than when fowl are fed (Nideau, 1988) . Simon and Rosselin (1978) have reported that prolonged feed withdrawal (65 h) results in significantly higher plasma glucose concentration than short feed withdrawal (5 h) in 9-wk-old chickens.
Lean ducks had higher plasma IGF-I concentrations after refeeding, whereas the concentrations were similar to those of the fat ducks during feed deprivation (Farhat and Chavez, 1999 ). An increase in plasma IGF-I concentration in poultry exerts negative feedback on the hypothalamus and results in reduced GH release from the pituitary (Scanes and Vasilatos-Younken, 1995) . Therefore, the opposite response observed between plasma glucose and IGF-I may indicate that IGF-I does not mediate a GH effect in sparing plasma glucose.
After being fed, fat ducks had higher (P < 0.05) plasma TG and uric acid than feed-deprived or fed lean ducks. The latter birds had similar (P > 0.05) plasma TG to feeddeprived fat birds. The lean ducks exhibited higher (P < 0.05) plasma uric acid after feeding than after feed deprivation. The feed-deprived lean ducks had uric acid levels similar (P > 0.05) to feed-deprived fat ducks (Table 3) . Our results on TG, for the feed-deprived ducks, agree with those of Leclercq (1988) and Lilburn and MyersMiller (1988) who reported no difference in plasma TG concentrations in chickens from lean and fat lines. Similar to our findings on plasma uric acid concentrations in ducks after feeding, Leclercq (1988) reported higher uric acid and lower insulin levels in the plasma of the fat line compared to the lean line selected for high or low abdominal fat content. Hazelwood and Langslow (1978) observed an increase in uric acid levels as an affect of insulin in chickens because of a higher rate of amino acid oxidation, which may explain the higher uric acid concentrations in the plasma of fat ducks in the our current study. Lean and fat ducks had similar (P > 0.05) plasma cholesterol levels (Table 3) . Similar to our observation, plasma cholesterol concentrations were reported to be the same in lean and fat lines of chickens (Leclercq, 1984) . Feed deprivation resulted in higher (P < 0.05) plasma choles- Means within columns with different superscripts are significantly different (P < 0.05).
1 MT = breast muscle thickness; TOT = total breast thickness measured by ultrasound. terol than feeding (Table 3 ). In contrast, Hevia and Visek (1979) observed lower plasma cholesterol concentration as a result of feed withdrawal than refeeding in 11-wkold chickens. The same results were previously observed in young cockerels and were suggested to be due to a decreased rate of cholesterol catabolism rather than an increased synthesis rate (Leveille and Yeh, 1972) . In rats, the activity of 3-hydroxy-3-methylglutaryl-CoA reductase (HMG-CoA) decreased as a result of feed withdrawal and was restored to above the prefeed-withdrawal level after refeeding for 3 d (Ide et al., 1979) . The increase in plasma cholesterol of the ducks deprived of feed may be due to the long period of feed withdrawal relative to the periods reported in the above mentioned literature and, therefore, requires further investigation.
NR and ME
Ducks fed the test diet had no significant difference in DM or energy excreted. However, lean ducks excreted less (P < 0.05) nitrogen (percentage) and retained more nitrogen than the fat ducks (Table 4) . Lean and fat ducks had similar (P > 0.05) AME, AME n , TME, and TME n (Table  4) . Similarly, Laurin et al. (1985) found no difference in AME n and TME n between lean and fat lines of chickens. Geraert et al. (1988) reported similar TME n between genetically lean and fat chickens and more protein deposition in the lean line, which is consistent with the results presented herein. Fecal and urinary nitrogen losses of lean broilers were reported to be greater in the feed-deprived state and lower in the fed state than fat broilers at 10 wk of age . However, Geraert et al. (1988) found no significant difference in endogenous nitrogen losses between lean and fat lines of chickens at 5 and 7 wk of age. Saunderson and Whitehead (1987) observed an increase (15%) in the rate of amino acid oxidation in their fat line of chickens, which is similar to the difference between lean and fat ducks, in the percentage nitrogen excreted (15.7%) in the present study (Table  4) . Similarly, in the feed-deprived control birds, there were no differences in DM and energy excretion, but fat ducks lost more endogenous nitrogen than lean ducks (Table 5) . 
Association of Metabolic Parameters and Ultrasound Measurements
Correlations among the metabolic parameters and with MT:TOT in the feed-deprived female ducks are presented in Table 6 . Greater retained nitrogen produced lower plasma cholesterol, although the correlation was not significant (r = −0.53, P = 0.0615), but TG (r = −0.57, P = 0.04) levels were; as the MT:TOT (r = 0.58, P = 0.03) ratio increased, the nitrogen percentage in the excreta decreased. The birds that had higher plasma TG concentration excreted more total energy (r = 0.61, P = 0.03). As the MT:TOT ratio increased, the NR increased. Body fat content was negatively correlated (r = −0.71, P = 0.0001) with MT:TOT (Figure 1 ) but was not related to plasma cholesterol or TG concentration. Ksiazkiewicz et al. (1993) obtained a nonsignificant correlation between plasma cholesterol and body fatness in male Pekin ducks and a significant correlation in the female ducks. Plasma TG has been suggested to be a possible useful indicator for body fatness in chickens (Griffin et al., 1982) ; however, our results on plasma TG in Pekin ducks agree with the conclusion of Baeza et al. (1997) , who found no significant correlation between plasma TG and carcass fatness in Muscovy ducks.
The fat content of ducks is, in general, undesirable for the Western consumer and can be associated with higher cost of production. Fat is of high energy density and requires considerable feed energy input to be deposited as body fat. The ducks selected with ultrasound show comparable metabolic and blood differences to the literature presented on fat and lean birds. These differences between the high and low MT:TOT groups are indicative of the practical use of the ultrasound scanning for the selection of live ducks. The blood parameters determined in this study cannot be used as indicators of leanness or fatness in Pekin ducks. However, the significant correlation between carcass fat or CP and the MT:TOT further validate the feasibility of ultrasound use in the selection for greater breast muscle thickness and leanness in Pekin ducks.
